THE RHIC SPIN PROGRAM
THE QUEST FOR THE SPIN OF THE
PROTON




How do the partons form the spin of protons
Is the proton looking like this?

| ]
i “Helicity sum rule”  giuon
spm Where do we stan

%h < 2|J5CD > 2—51+SZ ;LZ+ L; solving the "spin puzzle” ?
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The Gluon Polarization

many sub-proc Brodsky (1995) AG = 0.7
dominant gluon Sterling (1996) AG = 1.7 RS NET
GRSV (1996) AG = 2.3

Ball AR Model (1996) AG = 1.1

- - - - Ball OS Model (1996) AG = 1.0
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unpolarised cross sections nicely reproduced in NLO pQCD
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Dijet Cross Section

pp @ 200 GeV

Cone Radius = 0.7
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Inclusive Jet Cross Section
pp @ 200 GeV

Cone Radius=0.7
-08<n<08

78 TAR preliminary

det = 5.39 pb-"!
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e STAR Run-6
[] systematic Uncertainty
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Theory
NLO pQCD + CTEQEM
Had. and UE. Corrections

20 25 30 35 40 45 50

\/s 200 and 500 GeV: NLO agrees with d
Input to qcd fits of gluon fragmentation functions
Js=200 GeV Jet Cross Sections agree with data in ~20%
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Currend Fnawlrdgeion BBS and polarized pp
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Ag and the

relevance of RHIC data

x-range: 0.05-0.2
DSSV- (DIS+SIDIS

llIll

truncated moment
("RHIC pp region”)
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x4range: 0.2-1.0

truncated moment DSSV- (DIS+SIDIS)A

("high x")
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bottom line: Al [02-10] pgh 102101

4 (cur'r'em'DIS*-SIDIS data alone do not constrain Ag)
_l new (SI)DIS data do not change much for Ag
_| trend for positive Ag at large x (as before)
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Increased /s allows to go to lower x
Different final states select between
gg and qg scattering
sign of Ag
Future measurements will include
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§7AR Much more data on tape and to come

East Barrel - East Barrel and West Barrel - West Barrel

East Barrel - West Barrel

Full Acceptance

better constraint on Ag
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[ P slightly larger polarization ?
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Aq: W Production Basics

Since W is maximally
W's couple only to one parton helicity
large Au and Ad result in large asymmetries.

No Fragmentation !

ud - W*
du - W-

gt u(x,) - d(x,)

Aw+ _ O -0
o' +o'  d(x)u(x)+d(x)u(x,)

Similar expression for W- to get AU and Ad...
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RHIC:

J RHIC: can detect only decay leptons:
lepton rapidity most suited observable

de Florian, Vogelsang, arXiv:1003.4533
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A W: First proof of principle
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A W: Future Data

A will/have extend/extended rapidity from -1<n<1 to -2<n<2
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A W: Future Possibilities

[ Can we increase p-beam energy?
¢ 325 GeV: factor 2 in oy,
¢ access to lower x for Ag(x)

O Increased beam-energy and polarized He-3 beam - full flavor separation
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Quantum phase-space tomography of the nucleon

Join the real
3D experience !!

3D picture in momentum space 3D picture in coordinate space
transverse momentum generalized parton distributions
dependent distributions - exclusive reaction like DVCS

u-quark Polarized p d-quark Polarized p

dx(x,b)

d(z,by)

T T By T
4L T

1

~

\

figure courtesy of A. Prokudin
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More insights to the proton - TMDs

Transversity distribution funcflon 6q(x)
Correlation between s, and S

Unpolamzed dustmbu'ﬂon funchon q(x) 6(x) beyond collinear picture
Explore spin orbit correlations

|

NE—3+P3I3<nd S—--TU O—O3-(n

Helicity distribution function Aq(x), AG(x) Boer- Mulder's dlSTl"lbU'l'lon func*hon h
Correlation between s, and ki

° °a o ‘L
chiral even naive T-odd DF
related to parton orbital angular

momentum
violates naive universality of PDFs

QCD-prediction: vy = =fy1prs

1
Sivers distribution function flT

Correlation between S, and kL

BROOKHFATEN
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Transverse single-spin asymmetries

ANL ZGS BNL AGS BRAHMS@RHIC
_ Vs=62.4 GeV
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0.05 , '
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What is the . underlying p.r'ocess? 0 } i Fu
Sivers or Twist-3 or Collins or .. I
Do they survive at high /s?v' YES o I <

¥ 1s p; dependence as expected from p-QCD? *7“0'5 0 05 ~05 0 05y

AR Phys. Rev. Lett. 101 (2008) 222001



Transverse single-spin asymmetries: Near Future

1 Test p; dependence

[ x>0.4, Integrated Luminosity 33.0/pb, Polarization 0.60 |

20.09
< o0e
e

+« Run-8-pp Result
o Projected Error
— pfpi+a®)
—1 P,

TN
PH-<ENIX

J 2011: “flavor separation” n° vs. n

Projected 1 SSA Errors for 20 pb-1
Asymmetry vs Feynman Xg
(Projections for 6 Gev/c < Py < 9 GeVic)

4 200 GeV STAR (Run 6 preliminary result)

°© 0o ¢ ¢ + + 8|~ 500 GeV STAR (FMS 20 pb™! projection)
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What is seen at RHIC

O': z eI j
Q O 0 \EA4GeVCh ETOM (Preliminary)
027 o \5=62.4 GeVic? PHENIX 3.4<i<3.7
u @ PHENKA'3.14. (Preliminary)
-3 \5=200 GeVic?, STAR ap=3.3 [ 0 Bnhmer’(d.0°/ydf)
0.15— 0 Brahms 1 (8=3.0°/ 173.6)
C B e Brahms 1" (6=2.3° / =3.9) _
T % \s=200 GeVic’, STAR ap=37, | [ e Brahms 1 (8=2.3° | 11=3.9) T (U d)
01— + - o
C i ¥ I
- 0 Q 0 I N
C g i ¢, a1 m0(uu+dd)
005'_ \l/ . [ )
. b ¥ o
u \ SRk .
Y W % K e -
0 + W - : B
e b v b b b e b e b B . (dU)
0 . i i
-0.4_—
_llllllllllllllllllllillllillllilll

01 02 0.3 0.4

I No strong dependence on Vs from 19.4 to 200 GeV
v Spread probably due to different acceptance in pseudorapidity and/or p;
v Xg ~ <2>Pt/P_~ x : shape induced by shape of Collins/Sivers
v Sign also consistent with Sivers and/or Transversity x Collins

Cneed other observables to disentangle underlying processes lll!

Do we really understand the theory ???
E.C. Aschenauer RHIC S&T Review 2011



What do we know: Twist-3 vs. TMD

Intermediate Q;
Q>>Qu/pr>>Agc

Transverse
momentum
dependent

Collinear/
twist-3

Efremov, Teryaev;
Qiu, Sterman

BROOKHFAJEN




from sign changes to sign mismatches

* latest twist: "sign mismatch” Kang, Qiu, Vogelsang, Yuan

1s* k+ moment of Sivers fct and twist- 3 analogue related at operator level

2
dz I Boer, Mulders, Pijlman;
N )srbrs Ji, Qiu,, Vogelsang, Yuan

g7 (x,x) =

e Q26
both sides have been extracted from data woosfp " . cudSiers

L

' new Sivers .

find: similar magnitude v'but wrong sign

inconsistency in formalism?

= possible resolutions: (1) data constrain Sivers fct only at low k¢; function has a node

I phenomenological studies with more flexible Sivers fct. under way
Kang, Prokudin

(2) analysis of T, ¢ neglects possible final-state contributions to Ay
need data for Ay which are insensitive to fragmentation: photons, jets, DY

« on the bright side: recent progress on evolution for Sivers fct Kang, Xiao, Yuan

crucial for consistent phenomenology - properly related experiments at different scales
BROOKHFATEN

ATIONAL LABORATORY| 21




New Global Fit

Parameterization:

f;_" ~x(1- x)ﬁq (1- nqx) shape ala DSSV node if n,>0
Data-Input: HERMES and COMPASS SIDIS & STAR n°

- 0

0.4 0.8

A. Prokudin, Z.-B. Kang Pporiy
0.1 Eﬁilfﬂé&’» !
O<y<3

PP

SIDIS

1
0<x, <1
-1<x, <1

] é 0 @
5 5
| g
g Impact on DY Ay 01T
02 N\ /
:\(ee<d (;roSmeasure DY ..l sIDIS pPp—
f ’ . | 1 1 1

P 0 0.2 0.4 0.6 0.8
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Final configuration 2013 Pb Converter

Left/right symmetric HCal

Trigger/DAQ electronics
nts over

| ; o tector
A T - W [ el @ ble to
e & Swemll ) 2014
IR W
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% i/”\% d & DY rate
715 for

Beryllium vacuum pipe
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Runll Goal (1) - 3IR impact

1igab AnDY integrated luminosity Frli . 8 Aprnil

[ x1.44 correction of Hank scaler /RHIC scaler

[ Assumme BBC coincidence has 25mb = 37mb»0.8{eff}*0.88(vtxcut) IP2 collisions have begun
[ Assumes ZDC coincidence hos 0.48mb {2mrod} < 3 hours af'ref' physics at

[ Assumes ZDC caincidence has 0.57mb {1.5mrad)

[ Assumes ZDC coincidence has 1.05mb {Omrad}

systematically __—
increased thresholds A\DY got ~ 6.5/pb

for IP2 collisions in runll with B*:3m

o ~0mr crossing angle
[ ~1.6mr crossin anglc»;\‘

d crossinga\ng‘le \

l 1 11 l 11 1 1 l 1 11 1 [ 11 1 1 l 11 1 1 l 11 1 1 [ 11 1 1

o
11040 11050 11DBO 11070 11080 11080 11100 11110
year+day

RHIC can operate 3IR with minimal impact on luminosity at STAR and PHENIX
With g*=1.5m, RHIC can deliver ~10/pb/week in Run12/13 at ANDY

BROOKHFATEN
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Runll Goal (2) - HCal calibration

HCal without ECal in front = n° in Hcal

0 20M BBC collision data and 20M
p+p, vs = 500 GeV, HCal with vy selections simulations events (PYTHIA+GEANT)
— PYTHIA/GEANT set=12
[ Requirements:
(1) 1-tower clusters;
(2) E>1.8 GeV;
(3) Ix|>50 cm to avoid ECal shadow;
(4) >1 clusters to form pairs;

(5) E,.i->5 GeV:

(6) M,,;.<0.5 GeV: and (7) z,,.<0.5.
[ Hadronic response also under study

with prospects for p*—n*n’ and

w—mnn to correct h/y differences

el 0 '
025 05 075 1 0 025 05 075
HCal cluster pair mass (GeV/c?)

hstdir2.20110526.6
hstdir2.20110526.7 20110526
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Runll Goal (3): Ay for jets

arXiv:1103.1591 jet A, measurements are 0 With ~10/pb & P=50%,
required to clarify signs of quark/gluon A\DY runll can measure A\(Jet).
correlators related to Sivers functions.
~ 0.06
<< - .
- Vs=200 GeV y=3.3 p+p— jet+X, V=500 GeV, PYTHIA 6.222
B 0.2
0.04 1 jets »J}
002k from pT+p—n E 0.150  Lig=10 pb™", Ppun=0.5
[ 8 Fiducial volume requirement
ol © 0 <y>=27
i a
-0.02 | 0.05f
-0.04 |-
: | | I | | | | | | | | _0'05:
0I5 02 0.5 0.4 05 0.6 0.7 08 0.9 1

jet x¢

Determine whether Ay(jet) is non-0
is a requirement for Ay(DY) sign-flip measurement

BROOKHFATEN
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The long term future future of pp@RHIC

Ay in 3He-proton collisions

givers fcts. for u and d quarks opposite in sign and slightly larger for d quarks
® expectations for Drell Yan Z. Kang @ 2010 Towa RSC meeting

* u<-> d isospin rotation leads to different signs for Ay for protons and neutron
- asymmetries for neutrons are larger (due to electric charges)

& [ z 035

| S— proton © 0<grel GeV

. . 03

caveat: i \ . e 4<Q<9 GeV
does not yet include b OgelGev | 02 V5=200 GeV
possibility of nodes [ 4.Q9GeV N\t

in Sivers function

01sE - Vs=S00GeV /

To do it well we need detector upgrades H

Y>—=JUU OCy

.. neutron
e

? expectations Tor Ay (pions

. n=3.7
- similar effect for m* (T1° unchanged) 4F — proten

neutron

this time computed within twist-3 formalism
here, effect due to favored/unfavored fragmentation

BROC . 02 03 04 05 06 07
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Detector Developments: PHENIX

PHENIX Detector

C I PC3
~entra ~
Magnet TEC

Move from a 4 arm
detector to a more
standard high energy
detector

n= 2 80cm
RPC3 l] = 3 _ | o = 40cm
n=4 ! T e l."iu\»*—r:rlﬂ L 10cm

’ ‘ N (F)VTX

— /Tracker

= M PI’CSIIO\\'CI’ Pl’éSllO\\'él‘
Solenoid
e GEM-Tracker



proton nucleus

—

~ 6 GEM disks
Tracking: 2.5 <n<4

FMS

B W powder E/HCal

l Preshower

1/2” Pb radiator
Shower “max”

RICH
Baryon/meson
separation

Forward instrumentation optimized for and
Charged-particle tracking
e/h and y/n° discrimination
Baryon/meson separation

BROOKHFAJEN




Summary: RHIC Spin Program

HP-12
2013

Active program with many new developments
in theory and experiments
On track to achieve mile-stones
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THE RHIC SPIN GROUP
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News from the Group

O Changes in group personnel
¢ Dr. Gerry Bunce retired in 2008
" E.C. Aschenauer replaced Dr. Bunce in March 2009

¢ Dr.R.Gill left the group, because he became the full time safety officer for Daya Bay
and LBNE

Dr. B. Morozov will left the group 30th of June 2010
" Dr. Morozov was be replaced in October 2010 by Dr. W. Schmidke from ZEUS@DESY
(tenure track)

A

T:e Current size of the group:
4 PostDocs (2 DOE & 2 Director funds)

MWW 5 physicists (3 tenured and 2 continuing appointment)

" J:bn 1 tenure track scientist rt to interview
oon=

Hired two PostDocs D. Smirnov from DO@Fermilab and Alan Dion from PHENIX@BNL
to work on polarimetry and physics analysis

® they joined the group in August and September 2010

" both postdocs are involved in the core spin physics program of STAR

Dr. Th. Burton (Dec 09) and Dr. S. Fazio (Jul. 10) hired as Postdocs for EIC (75%) and
RHIC Spin (25% STAR-spin)
" both PostDocs are funded from BNL laboratory development funds

¢ Hire one more postdoc from LDRD funds for Si-Pixel R&D

E.C. Aschenauer RHIC S&T Review 2011




STAR

Les Bland
Akio Ogawa
Wlodzimierz Guryn

Since 2010/2011
Thomas P Burton
Alan Dion

Salvatore Fazio
William B. Schmidke
Dimitri Smirnov

Hardware responsibilities
BBC, FMS-Cadlib.

Roman Pots of pp2pp

FPhysics goals:
Forward Physics in dAu
Iluon saturation > C6C

ingle Spin Asymmetries
n > Jet, W, Di-jet

p2pp:
iffractive physics
glueball searches

BROOKHFAJEN

ATIONAL LABORATORY|

E.C. Aschenauer

PHENIX

Elke-C. Aschenauer
Alexander Bazilevsky

Physics goals:

AG & cross section via ni°,
A_ W-physics

Drell-Yan in pp

AB (>2005) &

ECA (>2009)
Organizing the RSC
meetings

A. Bazilevsky:

Trigger coordinator Runllgf

ECA:
decadal plan:
spin physics and

The RHIC SPIN Group
eRHIC/

Elke-C. Aschenauer
Alexander Bazilevsky
Les Bland

Akio Ogawa

Hardware responsibilities:

Design, Setup,

commissioning and running Hardware responsibilities:

Y

Physics goals:
Measure sign change
for the Sivers fct.
between DIS and DY

Develop requirements
for DY measurements
ar & PheniX for

p and dAu

forward arm new detector

ePHENIX

RHIC S&T Review 2011

Elke-C. Aschenauer
Alexander Bazilevsky

Since 2010/2011
Alan Dion

William B. Schmidke
Dimitri Smirnov

pC polarimeters,
H-Jet detectors
Improvements of the
Polarimeters

DAQ

Physics goals:
Offline analysis of
polarimeter data

- final polarization
>for experiments

Feedback to CAD to
improve polarization
in RHIC

Elke-C. Aschenauer
Thomas P Burton
Salvatore Fazio
Wlodzimierz Guryn
new LDRD-postdoc
for Si-pixel R&D

Responsibilities:
Detector Design and IR
integration

hadron polarimetry
“"Roman Pots”

Software tools

Physics goals:
Develop physics case
for ep (pol/unpol)

ECA Co-convener of
the BNL EIC-TF

* Postdocs: funded by LDRDs and Director's Funds

* Postdocs: funded by DOE ME
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Group Achievements

J Promotions:
¢ Dr. A. Bazilevsky received tenure in 2009
¢ Dr. A. Ogawa received a continuing appointment in 2009
¢ Dr. E.C Aschenauer received tenure in 2010

 Papers:
¢ STAR:
" 1 paper on polarized pp (10 citations)
¢ PheniX:

" 6 total papers on polarized pp (34 citations)
" 1 with contributions from the RHIC Spin Group

¢ Papers not on RHIC
_ " 1 Belle: 13 HERMES

| U ~57 Seminars and Presentations on Conferences and Workshops

BN, E.C. Aschenauer RHIC S&T Review 2011
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Analysis done by/under the leader ship of S. Bazilevsky
L++
N++ _ L - N+—
= ~a,Ag" +b, AgAq+ ¢,.,Aq*
N e .

= GRSV std (AG=0.24)
GRSV AG=0
GRSV AG=-1.05
Run-5

115 225 3 1° at mid-rapidity\'s=500 GeV

CTEQ6MS, DSS: u= pTIZ, Py 2pT
(calc. by W.Vogelsang)

T~
PH ENIX

Preliminary

- ° @ 200 GeV
-0.02-

10% scale uncertainty

is not included
1 1 1 J 1

PRD 76, 051106 (200 GeV - 2005)
PRL 103, 12003 (200 GeV - 2006)
PRD 79, 012003 (62 GeV - 2006)

E.C. Aschenauer RHIC S&T Review 2011

(Data-QCD)/QCD
LRRERARRNRRRRRRRRRI !




Signature for gluon saturation: di-hadron correlation

pQCD 2->2 process = back-to-back di-jet: (Works well for p+p)

Forward jet

Mid-rapidity jet
Saturation / C6C
2->1 (or 2->many or 1->many) process = Mono- jet

pQCD + shadowing:
Forward jet

Dilute parton ’ > <

Au system (deuteron

Dense gluonfield (Au)

Mid-rapidity jet P; is not balanced by one parton,
. . . but something else (many gluons?)
Conventional shadowing changes yield, CGC predicts suppression of back-to-back

but not angular correlation correlation

BROOKHFATEN
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d+tu = n°rn°+X, vs = 200 GeV
o op>2GeV/e, 16GeV/c<prs<pr

2 , < >=3.2, <n>=3.2 .
T m s Analysis done

/" dAuall data |ESEREIEY
- A. Gordon &
A. Ogawa

p+p — mn°+X, va = 200 GeV
pr>2 GeV/e, 1 6GeV/c<prs<pr
L >=3.2, <ns>=3.1

pp data

Q
N
N
Lo

o

o

o
o
o
o

=

~J

o
2
~1
o

i <
st

Uncorrected ( -
o Probability (rcgjon'1) o

Probability (ragian™) o
o 2
o W
= o

Incorrected (
o 2
(=] [ ]
= m

Ay ©

o/ S ;»/‘ '- 3 :
— =¥ Pegks . ¥ 0 0471£0.01

N 0 0.41+0.01 - E L
: 7 0.68+0.01 - Preliminary
L L O TR S IR S S A |

o reliminary
-1 a 1

Away-side peaks

. . . 1] —
evident in perlpheral d+Au = :;:ﬁ’ Vs 1' éo\? Giv’ O:ZQW<5OO d+AU —> PPRP4X, Va = 200 GeV, 2000 < T Q< 4000
- Pu>2GeV/c, 1 GeV/e<pis<pn 0.03f  pu>2GeV/c, 1 GeV/c<prs<pr

dAu and pp. : i ok <M>=3.2, <ns>=3.2 <m>=3.1, <n>=3.2

SRS i1
0025 W\ e COCHofFset
r i’f ‘\,‘ arXiv:0708.0231

(@]
[»]
-—
o

Near side peaks :
2 0.02f %
changed in dAu for % H44h, |
ripheral to central. 00154 ey *; ' f“.w s
| | 006k Peaks
i Peaks 0.011 Ay o

Thcorrecied coincigence

Probability (ra:Jdn:m‘1 )

n  1.75x0.21

Azimuthal 004f Ap o : 0 0.48+0.02
0051 STAR

. k 0 0.461+0.02
decorrelations show oozf J-TAR m 0.9940.06

significant dependence L Preliminary 921.F’.F.eg“”ﬂ.i'.‘ff>’..é....
on centrality.




STAR: Upcoming physics topics

Sampled Luminosity for STAR FY11 pp 500 Transverse data set

- Forward Meson Spectrometer c

- With projecti ‘
: Golql :przoc‘;e;bl-?n Nice data set to study

= Final = ~ 27.4 pb-! | e Ay - jet: > Sivers fct.
- ~137% A\ for single lepton from W+/-:
| | Sign change in Sivers fct. compared to SIDIS
A\ for dijets: Sivers fct. via back to back
imbalance of 2 jets

directly obtained

\II[TIIII]IIT]II

y=33
» ) o TUH jets

" Calorimeter High Tower
—With projection

- Goal = 20 pb-! E
—Final = ~22.2 pb-! | o T 02 . . . /
- ~111% «

Analysis to be done by:

Thomas P Burton
Alan Dion
Salvatore Fazio

L William B. Schmidke
12/Mar 26/Mar _ 05t " W Dimitri Smirnov .

IJIIITIIT]IITTII




eRHIC involvement of the group

O The members of the group have been major players in the 2010
EIC INT program
¢ simulation of pseudo-data for impact plots for the golden
measurements
" > D6, TMDs, GPDs
¢ developed MC and root tools for the studies, i.e. TMD-MC, GPD-MC

¢ provide detector acceptance studies

@ Two examples coming up

I, E.C. Aschenauer RHIC S&T Review 2011




Quantum phase-space tomography of the nucleon

Join the real
3D experience !!

3D picture in momentum space 3D picture in coordinate space
transverse momentum generalized parton distributions
dependent distributions - exclusive reaction like DVCS

u-quark Polarized p d-quark Polarized p

dx(x,b)

d(z,by)

T T By T
4L T

1

~

\

figure courtesy of A. Prokudin

-0.5 0 os k, (GeV) -05 0 0s k, (GeV



Azimuthal angles and asymmetries

St ¢ ¢ flf_JJ/ ff \adron relative to
( + S) final q cr’ﬁ’ spin (Collins)

EIC-Lumi: 1 month @ 20 GeV x250 GeV
10 < Q%< I78 GeV2 +ve Sea No sea Trt
Sivers nil -1 1%
0.03 s} st i HWHH{\ ‘HMM é
0.025 = ] = ] = ] = g = ] Z\’
0.02 e i:'.iiuii#‘* e it ﬁﬁiim'ﬂ ‘ “IW H :’:\>
) . J ° A
0.015 E ] [ | [ | [ g | [ HIA-‘ ] 5
. " ittt d Hd l i EWH i
0.01 fst ! | L S
( | ( ] [ | ( cnaee a) ( | .3:
" i v
oo ‘ A i .r:f:i;ii”‘ 'HJIIH
o t* ‘;2'1?#{ 1;1;1..111 it ".fﬁ ‘ l o
SIDIS al Ermmma] Ermmmmmme) Ermmmmmma) e e o
0003 | il | 3 i
M L il «f';..“ ‘ ?
10 i | mL:H’I i g | A
0.1 <z<0.2 02<z<03 03<z<05 05<z<07 07<z<09
" Thomas Burton 36




DVCS at eRHIC

Goal: Cover wide range in t > impact parameter space b
e

8=40GaV? exnorentia' for I'l <2 GeV?

' éx"trépblété to 'e>2p
dip

mod dip
mod exp
only low t

F(b) [fm™]

I \\ 1 onv. 20 X 250 - GPDs conv, 20 X 250 - GPDs conv,

02 B N 7 71l 0.404107° < x < 0.63+107* = 7L 0.63¢10° < x < 107 :
Lumi= 3.9fb™" Lumi= 3.9fb™" =

alee —72)/d1 (s6)
da{ep ~>7p)/0t (=b)

0 0.2 04 0.6 0.8 1 1.2 14
b [fm]

—+ —+ t —— p— b= 5.02+0.01 0
10k —— h<@<17BoW b= £.99£0.01 " — 1.<Q'< 1.78Gev* b= 5.06+0.01 — :‘7;2‘;27?'0;:5\/ b= 5.0240.04
<@ < 1.78Ge b= 501£0.07 — 1.78< Q' < 3.16 Ge\* b= 5.12£0.02 — 1.78< Q7 < 3.16 GeV? D= 4.980.02 I  318< Q< 562 Gov* b= 5.03£0.03
' . -5.32 3 \* b= 5.39+0.04 — 3.16 < Q" < 5.62 GeV* b= 5.01£0.04 19 3.16 < 0" < 5.62 Ge
. — 1.78 < 0" < 3.16 GeV* 0= 5.32+0.09 L 2 — 3.16 < Q"< 5,62 Ge - g ) 5.62 < 0* < 10 Gev? b= 5.24%0.21 5,62 < Q' < 10 GeV® b= 5.01+0.04 N 17.
o -1 =09 —l;«l —AJ —AD -0|5 —;,4 -0.3 -02 -C‘.' -1 -9 -0‘5 —5,7 -K;.b -05 -0D4 —I;J —DIJ —Ql.\ o -1 —;,9 -08 -0.7 —é.ﬂ -AB —éﬂ -;.) -I‘J.Z -0.1 -1 —l;.‘i -o8 —&’ -;D —(;.5 —l‘)ﬁ -0.3 —AJ -A' o -1 —;9 -55 —K‘J," -0.6 —é.a -04 -03 -02 -0
(Ga) 1 (o) %) () (oW
20 X 250 - GPDs conv. 20 X 250 - GPDs conv. 20 X 250 - GPDs conv. . 20 X 250 - GPDs conv. 20 X 250 - GPDs conv.
. . - - 10 -
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£ Lumi= 3.9fb™ = e : Lumi= 3.9fb i Lumi= 3.97b i 1
3 8 H 3 ¥
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Last but not least: RHIC Polarimetry

RHIC pC Setup Run-11

4 BNL det. @ 45°
new ceramic, improved grounding

All detectors: 2 Hamamatsu det. @ 90°
replaced preamps
Q- sensitive, faster 6 usual BNL det. |
10's nS— ~ 10 nS Y1D Y2U presently one det. no signal,
. bias problem?
reduced pileup
____________________________________________________________________

After problems with the CAMAC modules in the tunnel
Y2U and B2D electronics moved also back to the counting house (mld Feb.)

0 g L L
[ 5 6 usual BNL det. 4 BNL det. new ceramic
: 2 Hamamatsu det.
Sha!ers *» Upstream pols.: only new preamps = sr;pers
counting room »* Downstream: new det./ceramics, tunnel
DAQ shorter cable to DAQ, no shapers DAQ

= reduced pulse degradation



Rate effects RHIC pC Results: Rate effects

[ Test pulse applied to all preamps ~500 Hz
J Monitor pulse rate, amplitude for rate effects:

low rates Run 2009 high rates

<10 Rate vs time

M max. 7.7 MHz
Hz total pC rate
— in Si

for 72 ch

10

Gen. Rate vs time !
7000

test pulse zﬂﬂ [—L‘ | L

a00of
rate 20E  ~ 40% rate
2000
10002 lOSS

~E

20 0 ] 3 8

IIIIIIIIIHIII][I”[

Ig -

Gen. Amplitude vs time ! Gen. Amplitude vs time !
T80F 160E ’

160F 140 T Lf_[
140 120
120 test pulse 100

%0 amplitude

ot amplitude
% loss

. S R e [

?

~ 5% rate
loss

HIIIIHIIIIIII[IIIIIIIIIIIIII

U MU UL L |
T T

| Gen. Amplitude vs time |
180

g new electronics improved l\ll? .
rate problem dramatically amplitude

loss
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RHIC pC Results

24 GeV

Polarization, %

60

} By i -
kg ?éf%ﬂg’? A e

AHH|HH|I\H‘III\‘HII%W]I“HI|HH|IIH‘IIH

ES =
40 I =
oS —
so -
® =
20 ° =
& 70 —
10 E
60 —
P S T S (N S S S NS S = } % L]
1g900 15000 15100 15200 15300 15400 15500| 50 — } } (2 L
) , Measurement =% ? § $ i ¢ #
09 @ Fri Mav 13 23:24:57 2011 bv dsmirnov. v1.4.0 40— ' # 4 ? LI ¢ $ %
2 0E_ i+ 4 Py Tyt ! } A
& = by 4 t
I 3=
g 0=
& =
5 08 E L L L L N I
o 13900 15000 15100 15200 15300 15400 15500
Measurement

75.209 @ Fri Mav 13 23:24.

¥2 | ndf 209.1/111

Prob 5.323e-08
24 Gev const 0.9391+ 0.0038

— 15500

Fill

i) F

8 =
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S - e

E g -

E N 1=

= = [

£ S E

E o -

_ W=
; 0.6 — %2 I ndf 593.4/92

3 04—
3 . . = Prob 0

E .. L L s 02—
50 100 150 200 250 300 350 éigng“erg‘; — const 0.9815+ 0.0038
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RHIC pC Results: Polarization Profile

If polarization changes across the beam, the average polarization
seen by Polarimeters and Experiments (in beam collision) is different

H-Jet pC Collider
Experiments

(R)=R»®L(xy) (R)=PRG,»N®L(x,») (R)=Rx»)®L(x»)®L(x,)
P; Ax,y) - polarization profile, I, (x,y) - intensity profile, for beam #1 and #2

BROOKHFATEN
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RHIC pC Results: Polarisation Profile

Injection

Mo 0 0 ol 0 0w w1 o allallaln o
14900 15000 15100

-

polarisation profile for ramp up - down measurment

o
)

o.ef—
o4 For impact for machine
b2l - tuning, see Th. Roser's talk
o= -
o B Tho0 s 2000 280 300 350 100 ~#%0 48
. inergy

g
I
®



RHIC Jet Results

Beam Polarisation at 250 GeV

polarization
e e
~ (=)

e
o

e
)

0.4 Analyzing Power

250 GeV
100 GeV
24 GeV

015, . ||[Euture Improvements: e
15150 15200 15250 pJ'e1' and PC;
> move to commercial Si detectors from Hamamatsu
—> better E-resolution, cheaper, off the shelf
- move to commercial VME based readout electronics n at injection:
- improve online analysis code and make it identical to offline
pC:
-~ main theme for future work improve stability
- improve in-situ calibration closer to C dE/dx
—~> better targets: movement and thickness stability
-~ measure t, for ToF independent from Si-det.
pJet:
- preventative maintenance and increase stability

0.3

III|Illllllllllllllllllllll

0.2

IIIII|IIII|IIIIIIIII|IIII|IIII|IIII|I

Beam Polari
5 0.54

Polarizati

I
S w
o N

H\‘\H‘\H‘\H‘H\‘\H‘IH\IHII\IlIIIlI
———
S ——

o
»
©

-
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E.C. Aschenauer RHIC S&T Review 2011




d Last 5 years:

¢ BNL RHIC Spin Group was leading the effort on
" Ag in PheniX
" forward physics @ STAR
<> transverse spin physics
<> dAu = saturation and CGC
" RHIC Polarimetry together with CAD

3 Next 5 (++) years:

¢ will concentrate on
" core transverse program of RHIC spin program in STAR (HP13)

" develop a DY program for RHIC
v to measure the sign change for the Sivers fct. in SIDIS and DY (HP-13)
v" evaluate the possibility of quark distributions in dAu
v' determine the requirements for discussed future forward upgrades in STAR & PheniX
- next decadal plan
" work on the physics case for eRHIC
< TMDs, GPDs, helicity distributions
< possibilities for ep/eA collisions in PheniX and STAR
<> detector and IR design for eRHIC

“ RHIC Polarimetry

<~ continuous improvements and developing polarimetry for polarised He-3 beams and
eRHIC

BN, E.C. Aschenauer RHIC S&T Review 2011




Thank you for your attention
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Collected Luminosity with longitudinal Polarization

Year

Recorded
PHENIX

Recorded
STAR

Pol [7%]

2002 (Run 2)

/

0.3 pb-!

15

2003 (Run 3)

0.35 pb-!

0.3 pb-!

27

2004 (Run 4)

0.12 pb-!

0.4 pb-!

40

2005 (Run 5)

3.4 pb-!

3.1 pb-!

49

2006 (Run 6)

7.5 pb-!

6.8 pb-!

57

2006 (Run 6)

0.08 pb-1

48

2009 (Run9)

14 pb-1

10 pb-!

39

2009 (Run9)

16 pb-!

25 pb-!

55

2011 (Runil) 27.5 / 9.5pb-1 12 pb-1

BROOKHFATEN
ATIONAL LABORATORY|
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Collected Luminosity with transverse Polarization

Year

Vs [GeV]

Recorded
PHENIX

Recorded
STAR

Pol [%]

2001 (Run 2)

200

0.15 pb-!

0.15 pb-!

15

2003 (Run 3)

200

/

0.25 pb-!

30

2005 (Run 5)

200

0.16 pb-!

0.1 pb-!

47

2006 (Run 6)

200

2.7 pb-!

8.5 pb-?

57

2006 (Run 6)

62.4

0.02 pb-!

53

2008 (Run8)

200

5.2 pb-?

7.8 pb-1

45

2011 (Run11)

500

/

25 pb-1

~50

BROOKHFATEN
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discussion - pros and cons

polarized He-3 mainly a neutron target: 0.865 n + 2*(-0.027)

—~>important information for flavor
. x Ad(x.Q)
separation complementary to pp ——

cross section enhanced
(nuclear "target")

heed maximum possible c.m.s. energy: 216 GeV protons on 216 GeV/n He-3
(feasible? - otherwise W cross section too small)

unpolarized He-3 a combination of p and n
- no longer probing Aq/q as in pp; but irrelevant "complication” in a global analysis

need significant running time/luminosity for both pp and He-3
"~ O(few hundred pb-!) each; but some "“synergy effects” of combined set in global fit
BROOKHFATEN
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.. NN

Direct-y

7 [Ay(Direct?) |

Much more data on tape and to come

0.15 Y imi
: PH-“ENIX Run 6 PHENIX Preliminary - -
0-1 :_ GRSV-max ‘;': 1200 [— Vs=62 GeV
0.053— = 10001 5 5> 5 GeV/c
C 800 3-4 GeV/c
0__ E 5-6 GeV/c
_0.052_ / 400;
Increased /s allows to go to lower x . 05 o2
Different final states select between|| 5 | ve-zoce P @
and qg scatterin =
g9 and qg 9 +p Zooa 225 GeVie :
sign of Ag g 45 GeVe ' oot
Future measurements will include o GV
di-hadron at forward rapidity per -
constrain x and to go to lower x || - 2> vs-sw0cev <30
Pk 5 s[2-2.5GeVic T
- 0 02}-5 GeV/c 5 %5x10
0.02| P12 GeVied  F i e
o 001 9-12 GeVj
o 4 107 107 )
-0.02|
0.041 | ! | | | | |
BROOKHIAEN | 4 5 6 7 8 9 10 11

ATIONAL LABORATORY|
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Summary of the Existing Elastic Data

0 Highest energy so far:
0 pp: 62 GeV (ISR)
0 pp: 1.8 TeV (Tevatron)

0 RHIC energy range:
0 50 GeV < /s < 500 GeV

0 Elastic measurements: Details on the
nature of elastic scattering at high
energy (Pomeron) are NOT well
understood: Unique measurements in
wide t-range with polarized beams

10
Center of Mass energy Vs [GeV]

BN, E.C. Aschenauer RHIC S&T Review 2011




First high-statistics measurement of CNI
at high-energy (Vs=200 GeV)

p—>pp at \'\§=200 GeV %21 ndf 1.713/2

Imr5 -0.1269 + 0.1199

Rer5 -0.001149 1 0.006966

—— Without Hadronic Spin-flip
With Hadronic Spin-flip (r5 fit)

-t [(GeV/c)]]
0 Statistical errors + systematic t-scale uncertainty (10%) in the fit

0 Higher-t reach planned from the upcoming /s=500 GeV (and with
Phase IT set-up) at RHIC

T IS RHIC S&T Review 2011




Hadronic Spin-Flip amplitude

pp2pp: RHIC 2003 STAR: RHIC 2009

O

L 4

. G R2-A2006) 116 7-T1-77 2
(3 35 O0L(£UYO /)L O0s~L7ZL -

-0.14-0.12 -0.1 -0.08-0.06-0.04-0.02 0 0.02 0.04 0.06 0.0 -0.14-0.12 -0.1 -0.08-0.06-0.04-0.02 0 0.02 0.04 0.06 0.08

Re(rs) Re(rs)

-2.5 -2.5

0 Fit to the data with hadronic spin-flip (rs-fit)

r. =Rer. +ilmr. = l/ N relative amplitude between hadronic
ST ST UL spin-flip (25) and non-flip (2.) helicity amplitudes

0 No significant Hadronic spin-flip required in the fit

BROOKHFIVEN
E.C. Aschenauer RHIC S&T Review 2011




Phase| \f§=500 GeV Elaéstic

Phase | RPs

Acceptance

3/ Phase Il RPs 55.5,58.5m
0‘8__/ IR SRRRRRRRRRRRN IR NRRRRE: RN SRUERRTRRRRS SUURRRRRRRE 15.3’17.3m /\ v“/\v‘(\\‘ I I ’(\\
0 6:/ : Proton projections at beam momentum with He-3 beam optics

L 60 T

0= 2mrad (Fermi transverse momentum = 200 MeV/c)

TR

0.4[7% 40 ats = 15m ats=17m
0.2:% '_20
0 £ o
0 02 04 06 08 1 1
>
- - AR -20"

I 0O Staged implementation to |
0 Phase I (Installed): folumeiy
0 Phase II (planned) : fc |
0 run concurrently
o other potential ap x [mm]
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DY Feasibility Test

0 Staged IP2/DY—Run13 Pb Converter
Pre—Shower\ Z2nd Pre—Shower

n RHIC run 11
MWPC —> D00 GeV in RHIC

p00 GeV in RHIC

3d Planned

¢ Hecal | with goals of
e calibration of
Hcal backgrounds

run 12 with goals
FiberTrackers =50% to observe

r\F’hobosf\dogne’t %?‘.l‘e:gg% %l;lIC run
100 cm um to address

>z —

heniX next




STAR forward detectors

FTPC (to be removed next year) Proposed FHC

Modified=HadronCalgrimeter-Layout-20081107.pdf (fo r jet & Ia m bd a)

rimeler2008

Iwgs ladranC alerimeter—Layout—1.dwg W

RPERIR W % 6 L, spaghetti calorimeter
g ) ] - L | N 10cm x 10cm x 120 cm “cells”

DX shell R ~ 60cm

west \ :m 8x8 cells : D D
Priete = hadronEci?:rimeter B ,
<7 DD): " (10.29)
In open position
~50cm from beam ¥
5
/;g_l[%\j%www A-A
No space for FHC near beam =

t\bcspaemu&\ front of FMS neithda= 3




DY Signal

pythia6.222, p+p @ J/s=500

DY process, 4M events/6.7E-°mb ~ 60/pb
Everything n>2 e+/e- energy>106eV & n>2
x>0.1 (25GeV)
4GeV < invariant mass < 10G6eV

14799 events

6512 events

1436 events
(12/5 from closed)

Inv Mass

E.C. Aschenauer RHIC S&T Review 2011




Aq & AG contributions to the proton spin

Existing data from:

polarized SIDIS

Ags

to extract polarized PDFs
a "global QCD analysis” is required

all processes tied together:
universality of pdfs & Q2 - evolution
each reaction provides insights into
d different aspects and kinematics
polarized pp WALt in NLO
scattering PRL101:072001,2008
Ag¢, AG

ot IR RHIC S&T Review 2011




Processes to study Single Spin Asymmetries

? 8qy, 4472

_/‘ L. """’ﬁolari zed SIDIS
polarized pp scattering = /ot V 3G, Fyv

polarized DY

BROOKHFATEN
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Star: Forward Physics program

[ add electromagnetic calorimetry at forward rapidity
- access low and high x

TPC: -1.0 < < 1.0 2003: FPD: 3.3 < n < 4.1
BEC: -1.0(< n< 1.0 7,2008: FMS: 2.5 < n < 4.1

Solenoid Magnet

1 I 11 1 I 11 1 111 | I 11 1 1
-100 -75 -50 -25
Bland P1 of the upgrade projects

: A. Ogawa and A. Gordon very important rolls
o R 66




The RHIC Spin Group

B Schmldke E.C. Aschenauer, Th. Bur-ton S. Fazio
in close colla new LDRD-postdoc for Si-pixel R&D

pHENI Hardware re

pC polarimet: Hardware responsibilities: levsk
Improvement Detector Design and IR integration levsky
DAQ electron and hadron polarimetry

E.C. Aschenauer, A. Bazilevsky
Physics goals:
Measure AG and n° cross section, W-p

Physics goals:
h Develop physics case for ep (pol/unpol)

AB (>2005) & ECA (>2009) Organizing t ECA Co-convener of the BNL EIC-TF
Spin Collaboration meetings | Forward Physics in dAu

A. Bazilevsky: convener Spin PWG (07-09); gluon saturation > CGC
Trigger coordinator Run-11 _ New Members:

ECA: decadal plan spin physics and K B. Schmidke : : .
forward arm of the new de’rector' 8 Th. Burton, S. Fazio, A. Dion, D. Smirnov

I Single Spin Asymmetries
Ay > Jet, W, Di-jet

:nts

\ - p Hardware responsibilities:
< Romqn Pots of pp2pp
Physics goals:

BROOKHEAUEN i ] i
BROOKHAVEN [ T — diffractive physics & glueball searches




PH

0.1

0.05

-0.05

’—v_

Al

p'+p — n°+X at \s = 62.4 GeV

Transverse Polarization Effects @ RHIC

= 7% (PRL 95, 202001)

- — PHENIX Preliminary,\'s=200 GeV, [|<0.38
L PH ENIX Preliminary R 0.25 - — :
| 20% polarization uncertainty on A_scale P =038 054 DAS 6.5 Qelic 3 = Vertical Scale Uncertainty: 4.8% o 0 (Runo8)
| 10% energy calibration uncertainty on X scale T 0.2
v n1>35 = z 0
015 — < gonf
L 4 <35 Left = i {_
| — of------¥.... L * --------------------
A . 01— "3
- v Right . ot
L ' % 0.05— 1 ? ¥ N b, !
: i T T O
- % i -0.05 —
: l i ; =0.64 0.77 0.97 1.16 GeV/ .0.1:_| L 1 | 1 L L | L I I | I I I |
; T <-,pT,‘ R R A . aevic 0 2 2 6
- LY
I (N I [ |
-0.6 04 -0.2 0 0.2
2007 BUENIY Praliminany ~ 1n<3.3
0.25 < |x | <0.30 0.30<|x | <0.35 0.35 < |x | <0.40 0.40 < |x | < 0.47
F F F F
Z z = n>3-3
[ PHENIX Preliminary %6 ® x>0 %6; ﬁs’_
"I single Clusters, p+p\s=200 GeV : s :
[ Vertical Scale Uncertainty: 4.8% O %<0 [ + +
= 0.04 0.04 0.04
| et S ?
- (%) 0.02 ; " + 0.02 . ({) 0.02 ®
e | | :
[ .5 0 ,LO (b G’ CD ol cb,k Pany $
(D Lt) (D r Yo or gt $
= 0.02:— -0.02:— -0.02: o |
- -0.04F -0.04F -0.04F
| .| [ e S [ e [ 4 4
P N T FT T 0,06l e b b 1 0,06 b b b 1 0,06l e b b 1 ) | | | | |
o 1 2 o 1 2 o 1 o 1

3 4 5
P, (GeV/c)

3 4 5
P, (GeV/c)

3 4 5
P, (GeV/c)

3 4 5
P, (GeV/c)




Transverse Polarization Effects @ RHIC

0 Left p+p—>m+X vs=200 GeV
Ax p+p = m’+X at vs=200 GeV o~ T
r' . ‘__ > PRL97, 152302  n° mesons
0.15[] 4 oeir 5 -Right 3107 o ® 3.7<7<4.15
: chrt ' ! . ¥ 3.4<n<4.0
; __. Sivers (HERMES fit) D) B 3.05<7<3.45
0.1 — twist—3 0 10 b
. 1% 3
0 025 0 025 i "a
vy mass (GeV/c?) ; 3
0051 p>=37 <n>=3.3 o TE
) [
W [<p>=3.3"~
—_ N
i }i"‘i o 10 ¥
} F NLO pQCD cale. ™«
> / \ I\- - o [ —— KKPFF b ~ <m>=3 R
05 0 05 -05 O 05y i AnF(Y) . o e
AR ' Phys. Rev. Lett. 101 (2008) 222001 c ¥ VS=.
V.2 ‘ +n = 73\\
An b+p — T4X at vs=200 GeV B
0.08 <xe>=0.28 <x,> 032 . | ® x<-0.5(Y) ‘f,‘q AR
" Le FPD data -« Sivers (E704 fit) | Preliminary
004 . —,.,f‘_V‘ST‘z’! I - results symmetric in  {cos ®p)
Lt _‘i ..................... Clll {
I p+p—>m +X at vs=200 GeV - no confirmed contribution
0.15 .
[ e x> 0.4 i from Collins Effect
0.1F O x<-0.4 + * +
|A ; s 1 | “ ......................
N o s ¢ e 0
0.05 . P I o +
C [ ]
e B T o T O o T TSR - AL
0 ?3 - -0.05
_005 | | | PRI |
1 15 2 25 3 0.1 [ e, |
1 0.5 0 0.5 1

archiv:1012.0221




Test of Theory underlying TMDs

DIS: attractive
FSI

~%

Drell-Yan: repulsive
ISI

: Siverspre = -

Siversyy

0 Processes Universality vs non-universality:
¢ Semi-Inclusive deep inelastic scattering v

¢ Drell-Yan v

¢ e+/e- annihilation v

& Prepeehloadiew X | €

arXiv:1102.4569

Watch out for sign flips !

TMD PDF is not just non-universal,

BROOKHFATEN
ATIONAL LABORATORY|

it is ill-defined at the operator level !
- work has started to fix this problems

E.C. Aschenauer RHIC S&T Review 2011




Twist-3 vs. TMD
O Different functional form for SIDIS Sivers-fct.

> rIOde in kT 4 & A. Prokudin, Z.-B. Kang
> node in X ¢ | Current in preparation
Sidis: p,<16eV

Ay for jets and/or direct photon will resolve things

directly obtained arXivi1103.1591

& 015F

01

y Sivers

old Sivers

might even reverse the sign of the ETQS function?
AN = ANlPDFs + A |FFs

If A,lIT">Ay, sign of is Ay|PPFs is opposite to A
E.C. Aschenauer N I—gc S&T Review I PP N




